


TeV γ-rays probe lower electron energies compared 
to X-rays in extended PWN where B is typically 

around 10 µG – ICS on CMBR. 



We effectively probe Infrared to EUV 
synchrotron component of PWN up to 

distances of ~10 kpc.  



1.  Probing the transport of the leptonic component 

2.  Is there a hadronic component visible? Maybe 
not, unless the target densities are > 103 cm-3. 

De Jager, Ferreira & 
Venter, in preparation 



1.  Magnetic field strength estimates after comparing 
synchrotron & inverse Compton observations 

2.  Field sometimes below equipartition  (e.g.) 

1.  Crab 

2.  G21.5-0.9 

3.  Vela X 



•  Pair production multiplicities after counting 
leptons in IC and extending calculation to low 
frequency radio synchrotron observations as 
proposed by de Jager (2005). E.g. for Vela X 

Mult = 105(B/5µG)  

(normalised to GeV/TeV obs) 

•  Detailed 1-zone, time dependent calculations by 
Bucciantini et al. (2010) also show multiplicities 
up to 105. 



•  Photon index of ~1.5 
to >2. 

•  G21.5-0.9 – Slane et 
al. 2000 

•  G0.9+0.1 – Porquet et 
al. 2003 



•  Photon index of ~1.9 
to 2.4 

•  Shift probably due to 
Klein-Nishina effects. 





•  Almost all TeV PWN spectra are consistent with cooled 
lepton spectra, except Vela X cocoon. 







RCW89  is a thermal nebula, 
not visible in γ-rays 



TeV: 

ΓTeV=2.27±0.03 

X-RAYS 
Resolved Core: 

Γcore∼1.5 

Γdiffuse=2.05±0.04 

ΔΓ=2.27-2.05 

      =0.2 





E2dN/dE 

LEPTON ENERGY  E 

GeV γ-RAYS 

KeV X-RAYS 

TeV γ-RAYS 

RADIO 









HESS 

FERMI 













e± e± 

16+ arcmin 
nebula 



Time Integrated 
Conversion Efficiency 
of spindown power to 
radio & GeV emitting 
leptons: 40 – 50% 

De Jager, Slane & 
LaMassa, 2008 



Time Integrated Conversion Efficiency of spindown power to 
TeV emitting leptons: 0.3% 








